Africa, a continent exceptionally rich in biodiversity, is rapidly urbanizing. Africa's urbanization is 23 manifest in the growth of its megacities as well as that of its smaller towns and cities. The conservation 24 planning and practice will increasingly need to account for direct and indirect impacts of the continent's 25 urbanization. The objective of our study is to pinpoint the outstanding challenges and opportunities 26 afforded by the growing cities on the continent to the conservation goals and practices. While these 27 issues have previously been addressed in many studies they tended to focus on specific issues. Here, we 28 provide a synthesis of these supported by new analysis. Urban areas, growing both in population and in 29 land cover, pose threats to the integrity of the continent's ecosystems and biodiversity but their growth 30 also create opportunities for conservation. The burgeoning urban populations, especially in Sub-Saharan 31 Africa, increase the strain on already insufficient infrastructure and bring new governance challenges. 32
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Introduction: Urbanization trends in Africa 40
Africa's move into the "urban age" is projected to be without precedent in its swiftness. While the 41 continent is still largely rural, it is one of the fastest urbanizing regions around the world. Africa's urban 42 population is expected to more than triple over forty years, from 395 million in 2010 to 1.339 billion in 43 2050, corresponding to 21% of the world's projected urban population [1] . Currently, the continent has 44 seven megacities, that is cities with populations over 10 million: Cairo, Kinshasa, Lagos, Accra, 45
Johannesburg-Pretoria, Khartoum, and Nairobi. In fifteen years, Luanda and Dar es Salaam will be added 46 to this list. 47
Natural increase is estimated to be a more dominant factor in the increase in urban populations in many 48
African countries compared to migration [2, 3] . Urbanization projections indicate a slowing rate in Africa 49 from the 1990's high rates of up to 8% down to a range of 1.9% -2.2% from 2020 to 2050, with 50 significant variation across countries [3] . The total population in the continent is projected to reach 51 almost 2.5 billion people by 2050 with about 55 percent living in urban areas ( Fig. 1 ). This is a significant 52 increase given that less than 10 percent of Africa's population resided in urban areas in 1950. Most of 53 the increase in urban population is taking place in small-and medium-sized cities in mid-latitudinal 54
Africa. The growth of existing villages and towns is also transforming rural landscapes into urban areas 55 [4, 5] . 56
Yet, despite clear physical evidence of urbanization, it must be noted there are large uncertainties in 57
Africa's population projections [6] . National censuses, demographic and health survey data, and 58 population databases are sources of population projections, and each of these have significant 59 uncertainties. Some of these are inherent to survey and census data, but these errors or omissions are 60 amplified in a continent where institutions to collect and store these data are often underfunded and 61 understaffed. Nevertheless, it is clear that the growth of small and medium cities, some of which were 62 previously not designated 'urban', is a major contributor to higher levels of urbanization [4] . The nature 63 of spatial expansion and growth of smaller settlements will significantly influence Africa's urban 64 landscape and its ability to achieve targets associated with the 2030 Agenda set out by the United 65 Nations (UN) [7] and the continent's own vision for Africa in 2063 [8] . 66
Despite high rates of urban population growth, many African countries still have a high degree of urban 67 primacy. That is, one city-usually the capital-has the population, economic activity, and political 68 power that are several times greater than the next largest city. In the context of conservation, because 69 governance and institutions are also concentrated in a single city, there is often disproportionately less 70 attention given to, and resources available for, governing other urban centers, towns, and villages 71 throughout the country. This concern with the overall structure of the urban system is what led the 72
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Urbanization impacts on African biodiversity 108
Africa has several regions with exceptional biodiversity [18] and is dotted with protected areas (PAs) 109 with varying levels of protection status. The PAs cover an area of about 4.5 million km 2 across the 110 continent [19] . As recently as 2000, Africa was sparsely urbanized with only about 500 km 2 of urban land 111 within the boundaries of its PAs (Table 1 ). In contrast, by 2030, total urban extent within 50km of PAs on 112 the continent is expected to reach more than 140,000 km 2 . In particular, the urban areas in the mid-113 latitudinal Africa, with several high-fertility countries, are expected to increase by over 100,000 km 2 . This 114 nearly 20-fold increase in urban extent, the largest forecasted proportional increase in the vicinity of PAs 115 across the world [17], will pose especially acute challenges for governance and management of PAs and 116 the surrounding lands in this region. 117 
119
While large urban centers such as Nairobi, Kenya and Ibadan, Nigeria dominate the continent's urban 120 expansion patterns (Fig. 2) , the ecological impacts of the smaller cities and towns across Africa are also 121 considerable. This is even the case for smaller cities such as Gaborone and Windhoek, the capitals of, 122 respectively, Botswana and Namibia. Both cities are located in resource-poor areas and experience 123 recurrent severe shortages of water [20] . Gaborone, with a population of 232,000 in 2011 [21] , relies, in 124 part, on water supplied from the Letsibogo Dam on Motloutse River, via a 400km long pipeline. An 125 extension of this North-South Water Carrier is planned that will bring waters from the Zambezi River-126 about 500km from Gaborone-to the relatively small but growing city. Such long-distance water 127 transfers are likely to become more widespread as growing cities in Africa will seek new sources to meet 128 their increasing demand for water [22] . 129
It is often assumed that migration from rural to urban areas and the resulting concentration of 130 populations in cities would ease the pressure on natural habitats. In many parts of the Sub-Saharan 131 Africa, the migration and subsequent concentration of people in urban areas has indeed reduced rural 132 populations, thus leading to reduced rates of deforestation [23] . However, land speculation by wealthy 133 urban residents has also driven -abetted by lack of land-use planning and control-loss and 134 fragmentation of rangelands close to cities and towns in Ethiopia, Kenya, and Uganda [24] . In Western 135
Africa, the increased demand for food in the cities has incentivized farmers to convert forests to 136 agricultural fields to meet this demand [25] . These examples suggest that any relief from pressure on 137 habitats from rural-urban migration may be overtaken by the increased demand for food and other 138
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The challenges that urban areas in Africa are facing are among the biggest in the world. The provision of 218 basic urban services has already been lacking across most cities on the continent even before the latest 219 surge in urbanization. The reasons for poor governance and inadequate service infrastructure in urban 220 areas can be traced back to colonial institutional arrangements and persistent political instability [25] . 221 Some African countries do not have any urban planning and development departments while the rigid 222 zoning in central areas of many cities inadvertently contribute to proliferation of slums and sprawling 223 development of residential areas [25] . The social problems are liable to further deteriorate as the 224 demand for services and the cost for delivery both rise jeopardizing achieving even the minimum targets 225 of the Millennium Development Goals. Under these conditions, it is especially hard for the responsible 226 agencies to put due emphasis on biodiversity conservation. Nevertheless, there is a practical aspect for 227 urban planning and governance to heed conservation of the habitats and biodiversity [48] . 228
Studies on the interactions among biodiversity, ecosystem services, and urbanization conclude that they 229 are multifaceted and elude simplification [49, 50] . This complexity poses both opportunities and 230 challenges for conservation in urban landscapes. While it is hard to accurately value the services 231 provided by ecosystems there are promising developments towards valuation of these resources to 232 inform their sustainable and equitable management [51] . One problem in the case of African cities, as in 233 most other developing country cities, is the lack of data to generate these monetary valuation estimates 234 [52] . A more fundamental problem is that many of these services are common or public goods. This 235 means that benefits they provide are not necessarily limited to those who can pay for them, but are 236 typically freely available to a larger group [48] . 237
Conservation has implications for ecosystem services [53] . African cities can benefit from ecosystem 238 services such as provision of clean air and water while developing their economies [9] . In this sense, 239 riparian zones can serve as critical parts of green infrastructure for purposes such as protection from 240 floods, provision of recreational spaces, and cleaning water while safeguarding biodiversity. Including 241 riparian zones along with non-riparian areas within a system of urban parks is especially important to 242 reflect maximum heterogeneity in native vegetation types [54] . Therefore, valuation of services 243 provided by these ecosystems need to be given due attention in urban development initiatives [55] . The 244 potential value of biodiversity and ecosystem services as foundations for a green infrastructure to meet 245 the demands of urban residents has been showcased in a study on Johannesburg [52] . In this sense, 246 urban agricultural plots can be used to increase green cover and enrich biodiversity in urban areas while 247 improving food security and overall socio-economic condition of urban residents [56] . For this to 248 happen, more attention needs to be given to the extent urban agriculture contributes to enhanced 249 biodiversity in African cities and towns [57, 58] , which has been a relatively lesser studied aspect of 250 urban agriculture [59] . 251
Africa has recently adopted its own new urban agenda, in which cities are seen as drivers of 252 development and keys to future prosperity of the continent. The African Urban Agenda (AUA), a UN-253
Habitat initiative to facilitate sustainable urbanization practices in the continent [9] , provides an 254 Page 9 of 15 AUTHOR SUBMITTED MANUSCRIPT -ERL-103711. R2   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t initiative formed by the local governments of the countries within the basin of Lake Victoria [62] . While 277 agricultural conversion appears to be the biggest threat [31] , with the economic development of the 278 larger Lake Victoria Region and population increase, urban areas especially in the countries that 279 surround Lake Victoria (Uganda, Tanzania, and Kenya) increasingly place an undue burden on the lake. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t 11 An important consideration for any of these initiatives is the quality of data. In studying the interactions 295 of urban areas and biodiversity, not only the uncertainty in future rates and patterns of urban expansion 296 but also the uncertainty in PA and other critical-habitat boundaries need to be considered. 
Conclusion 310
Encroachment of urban areas towards natural habitats and increasing demands of growing urban 311 populations on natural resources put direct and indirect pressures on ecosystems. Notwithstanding the 312 physical expansion of urban areas, concentration of people in urban areas would seem to ease off the 313 pressure on natural habitats; yet, the effect of urban residents can be far and wide-reaching, e.g., 314
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